Supply Chain operation is an integrated business process starting from primary supplier to end user and the process produce products, services and information. A successful chain will explore technology, lean operations, and quality management by adding value for customers and stakeholders. It is a strategic alliance among the partnering enterprises without geographical boundary. Every chain has its own unique set of market demands and operating challenges. Retailing is one such service domain of Supply Chain vulnerable to bullwhip effects. Demand uncertainty is one of the root causes of Bullwhip effects. This paper calls for modeling of a demand driven multi-tier stochastic Retail Chain to work against the Bullwhip effect. The proposed model of the operational chain will ensure significant return of share to the retailer through the sophisticated transaction management, real-time inventory management and the ability to track all inventory movements.
INTRODUCTION
The globe has changed into a small village. The rapid development of cheaper and scalable communication systems along with their interoperability with the internet has a major role behind this phenomenon. Various options of e-tailing like; e-malls, departmental stores, supermarkets, specialty stores, hypermarkets have changed the demography of the retail trade along with the consumer behavior. Around the globe, retailers are extensively using hypermarkets with internet technology to deliver information and receive payments directly to and from the consumer. In the year 2006, the world wide e-tailing business was 335 billion US$, in 2010 it was 711 billion US$. For 2011 the e-commerce revenue growth is projected as 18.6% compare to 2010 [Nagaraju 2009; Morgan 2011] . The world-wide growth rate of e-tailing is even more than double in that period of time. In spite of 32 million internet users in India, the e-tailing is recorded as low as 4.1 billion US$, which is not even one percent of the entire worldwide e-business [Ralph and Wilson 2006] .
The objective of the present study is to explore the gap among the disinterested customers and native retailers to transact through the online retail chains. From the retailers view point the issue is to maintain a demand driven Supply Chain distribution network to maintain the profit margin and from the customer view point it may be a lack of trust on the electronic trade.
Virtual integration through Supply Chain substitutes ownership with partnership by integrating a set of suppliers, manufacturers, wholesalers, distributors, and retailers through internet without walls [Hugos 2006 ]; e.g. A South African garment manufacturing company have retailers in America and Europe. Sources of consumer goods are ranging from toys to fashionable accessories. Order is raised from Europe, buy the raw material from Korea, dye the material at Taiwan and make the finished garments in Thailand over different locations. In this situation information sharing is done on a real time basis by stitching the business with partners collaboratively and the focus will be on the movement of the inventory and the market demand.
There are country-specific collaborative retail chains like food retail, health and beauty products, clothing, footwear, home furniture, household goods, durable goods and the success of the chain primarily depends on customer satisfaction. This paper presents a dynamic, stochastic model for a virtual multi-tier retail network to offset the Bullwhip effect in supply-chain management. Such modeling and analysis builds the foundation towards proposing a demand driven, generic, scalable, and interoperable framework for unifying different tools used in diverse components of a large retail network. The study is organized over six sections. Section 2 presents a brief literature survey on contemporary work. Section 3 introduces multi stage multi tier Supply Chain for demand analysis. Subsection 3.1 briefly presents UML standards. Subsection 3.2 describes Use Case diagram for demand analysis. Subsection 3.3 deals with class diagrams for functional analysis. Subsection 3.4 describes the activity diagram of the model and in subsection 3.5 sequence diagrams is described. Section 4 provides the basic specification on Petri Nets: the Meta modeling tool. Subsection 4.1 presents Stochastic Timed Petri Nets with example. Section 5 presents a simple Generalized Stochastic Petri Nets (GSPN) model of the Retail Network with a brief analysis about its scope and limitations. In subsection 5.1 the revised demand based GSPN model of Retail Network is presented, corresponding GSPN incidences and markings are presented in subsection 5.2. Reachability graphs are presented in subsection 5.3. Reachability analysis of the revised demand based model is described in subsection 5.4. Simulation and analysis of the model is presented in subsection 5.5. Section 6 concludes with future scope of the work plan.
LITERATURE SURVEY
Contemporary literature is surveyed on various aspects of SCM related to modeling of a retail framework IT is considered as a prerequisite to control the operation of complex Supply Chains. Advance networking and communication technology has redefined the businesses process and raised the customer expectations in the form of demands from the Supply Chain. The literature survey reveals that organizations executing projects on retail SCM are lacking scalability and robustness in the available models. The following literature review will corroborate the Supply Chains with IT systems and distinguish from the traditional Supply Chains by their total reliance on IT.
The goal of SCM is consistent on-time delivery at a reasonable price to the customer. The web based retailers or e-tailors uses internet technology to deliver information and receive payments directly through the payment getaways [Rik and Bobeanu 2002] . Decision making on information processing, procurement, production, inventory status identification and transportation of materials at various locations can be done through SCM [Wang et al. 2006] . Supply Chain is used to take strategic decisions like who should supply, where to store, when to make payments, how much is the demand in the market and so on. Use of Information technology is an expediting agent in this process. Objective of Supply Chain management is to get the right things to the right places at the right time to maximize profit . Twelve (12) Supply Chain performance measures including fifty eight sub measures have been identified to improve the efficiency and effectiveness of information sharing and product transfer [Huhns and Larry 2001; Obeidat and Zaatreh 2010] . The twelve measures are quality, visibility, trust, innovativeness, reliability in delivery, flexibility, responsiveness, resource utilization, cost, asset, technological capability service and time to market. The technological capability service refers to service oriented architecture (SOA) to manage the chain efficiently by integrating partnering business enterprises to improve operational services [Obeidat and Zaatreh 2010] .
Performance measurement (PM) matrices have received much attention from researchers and provide a basis for developing an analytical frame work [Huhns and Larry 2001; Raghavan and Viswanadham et al. 2010] . The operational effectiveness of the Supply Chain system dynamics is simulated to detect bottlenecks in the process and test the effects of resource allocation at a high load over a short period of time on a trial and error basis. This kind of trial based quality assurance process does not suit the industry requirements [Raghavan and Viswanadham et al. 2010] .
A two-tier Supply Chain model is proposed for negotiation between retailer and manufacturer to carry out sales forecast and delivery planning of products. A typical mixed integer programming (MIP) technique is used to solve the problem. Designing of Supply Chain distribution starts with the bill of material (BOM) along with their logical constraints. The relationships among the entities such as suppliers, producers and distribution centers are ranked to select the suppliers. A test problem is presented to illustrate the effectiveness of the formulation and solution strategy. The results and their implications are also discussed keeping in mind the success of the retail networking operations in collaborative environment [Yan et al. 2003; Yan et al. 2008] .
In this study, a framework is proposed to manage the re-engineering of a Supply Chain. The major challenges are to identify the business value of the investment from the stake holder's viewpoint. The proposed framework uses a unique matrix of change (MOC) model for the study of the current and future Supply Chain changes and a Supply Chain Operations Reference (SCOR) model to describe the customer's demand to map with the Supply Chain. In spite of the complexity in the retail chain, the IT infrastructure should be agile and progressive with reduced cost and risk [Chan et al. 2004] .
The virtual integration of Supply Chain in a loosely coupled distributed environment needs complexity reduction in terms of time and space among the collaborators. For the interoperability among the heterogeneous sources of data and information, the standards being used by SCM are CORBA, J2EE, XML, SOAP, DCOM, Java RMI, EAI, OMG and MDA. One of the architectures, Common Object Request Broker Architecture (CORBA) is a distributed object-oriented open standard developed by Object Management Group (OMG) that allows applications to communicate with one another efficiently. The development of Extensible Markup Language (XML) is helping in making connections between organizations. XML is the one of the most common tools for data transmission between applications and enterprises. Internet is a worldwide medium for supply chain communication and it is compatible to XML. The Distributed Component Object Model (DCOM) is a Microsoft distributed communication protocol to communicate directly over a network [Alvarado and Luis 2008; Makki 2007] .
MULTI STAGE MULTI TIER SUPPLY CHAIN FOR DEMAND ANALYSIS
A Multi Stage Multi Tier Supply Chain is a set of virtually linked one or more upstream and downstream flows of the products, services, finances and information fulfilling a customer's demand. It also includes the manufacturer, transporters, warehouses, retailers and customers by themselves [Power 2005] . Linear demand for a commodity in the market place can be represented as.
where: Q x = Quantity demanded of a commodity "x", P x = Price of the commodity "x", P y = Price of related goods "y", T = Tastes and preferences of consumer, M = Income level, A = Advertising and promotional activities, Pp = Population (Size of the market), E p = Consumer's expectations about future prices, U = Specific factors affecting demand for a commodity such as seasonal changes, taxation policy, availability on credit facilities, etc. Here in equation (1), quantity demanded of a commodity x (Q x ) is the function of its price (P x ). It implies that a change in P (the independent variable) causes a change in Q for a given percentage change in P, the demand function may be expressed as Q = a -b*P, where 'a' is a constant, denoting total demand at zero price and b = ∆Q x / ∆P x ., is also a constant. It denotes that for a small change in P x, there is a small change in Q x . Assume that for a product x an estimated demand coefficient of equation (1) is a = 100 and b = 5. By substituting numerical values for P, a linear demand schedule can be compiled. This is shown in Table 1 . Similarly, the non-linear demand function may be expressed as:
Where: Q x = Quantity demanded for a commodity X, P T = Price of the item T, b =change in quantity depending on price, M = Consumer's income, C = Change in quantity depending on income, d = Change in quantity depending on substitutes, N=Number of buyers, e= Change in quantity depending on the number of buyers. The nonlinear demand specification can be converted to a log-linear form for estimation as:
log Q = log a + b log P + c log M + d log P R + e log N (3)
log Q = log a + b log P
Let the demand for any particular product item X be specified as Q x = aP X b ignoring the individual effect of M, c, P, R, d, N and e. As for example, let us consider a positive constant factor of 30 units added to the demand function in equation (2) and the corresponding natural logarithms of the demand equation with expected value of b is presented in table 2. With the same set of values for P of Table 1 and Table 2 a demand Schedule is prepared and a combined graph is presented in Fig. 1 . A linear product demand graph which is sensitive to rise in price and cause of excess inventory at different touch points of the Supply Chain is also known as Bullwhip effect . A non-linear demand graph, not much susceptible to change in price, is also presented in Fig multi stage, multi-tier Supply Chain network with suppliers, manufacturers, retailers and market place. In this model retailers have some knowledge like the random demand functions based on historical data or forecasted data to manage their own upstream and manufacturers to mitigate the demand uncertainty at the market place.
UML Standard
A model is an abstraction of a physical phenomena and the domain is the actual world from which the problem comes. Unified Modeling Language (UML) is a common language to talk about software design. It is a software specification language used to design Meta model. UML is also applicable to object oriented domain. Objects interact by sending each other message and the values of an object determine its state. UML is flexible, robust and powerful to construct high quality applications. Heterogeneous integrations of information and data from multiple sources can be seamlessly handled with UML based software tools like XML/HTTP, CORBA/EJB, DCOM/ActiveX, MOF/XMI/XML (Metadata, Services) [Christopher et al. 2005] . Some UML models are platform independent and also independent of middleware applications. It provides deployable language codes to improve the productivity and flexibility.
UML is an open ended tool in terms of what it can describe. UML can be articulated with the help of nine diagrams e.g., activity diagram, use case diagram, and collaboration diagram, etc [Thomas 2003 ]. These diagrams are frequently used for effective component based development. In this paper we explore the potential of Unified Modelling Language (UML) to design an efficient demand driven SCM model for retail industry [James et al. 2004] . . Supplier the planning of the software project. The workflow makes the user understand the relationships between actors and their connection to the functionality of the system. It helps in determining features (requirements), communicating with clients and generating test cases [Thomas 2003 ].
The use case diagram is a collection of actors, use cases, and their communications. A single Use Case can have multiple actors. For our procurement process, we have six actors and four use cases link members in the Supply Chain. The Retailer System orders goods from a supplier and if required the supplier further orders manufacturer to replenish stock for a particular product in a particular warehouse. The procurement process is run by the retailer's purchasing department. The structure of the process is composed of the following stages:
(1) Ordering Clerk from the purchase department of the retailing company set up a need based purchasing plan linked with necessary financial approval [Aigbedo and Tanniru 2004] . (2) Order Clerk from Purchase department transmits purchase documents (PO) to suppliers electronically. In case supplier is a manufacturer or out sourced from manufacturer to comply the order requirements, supplier will continue to communicate to manufacturer. Electronic data interchange (EDI) transfers purchase documents at different stages among retailer, supplier, manufacturer, and buyer. EDI transactions through the Internet helps in reduction of order cycle time [Kopczak and Johnson 2003] . (3)After necessary inspection and physical verification of the "Stock-to-Make", the stock is delivered to warehouse for stock inspection, updation and the retailer make it available to "Stock-to-Market" for buyers. Invoice is forwarded to financial department. (4) Accounts formulate account receivable and payable according to invoice (5) Customer directly buys from "Stock-to-Buy" from the market place and the fund flows to Accounts The use case diagram in fig. 3 is based on the process of procurement management of the retailing company. The reverse logistics are prevalent at point number (3) but not depicted in the diagram.
Class Diagram
A class diagram is a blueprint for objects. It describes the types of objects abstracted in the system domain. It also describes the various kinds of static relationships that exist among them along with their way of collaboration. Realization of each use case into the specific class is organized through the class design. It refines and completes the design process [Angulo et al. 2004] .
A class wraps attributes (data) and behaviors (methods or functions) into a single distinct entity. Objects are instances of classes. On the basis of use case diagram, the class diagrams are abstracted and designed to analyze the system. In the case of retail SCM, the classes of the system include purchasing clerk of retailer, manufacturer, customer, supplier, retailer and accounts [ Fig.4.] 
Activity Diagram
The activity diagram shows the sequential flow of activities in an operation along with their dependencies on one another. It is complementary to class diagram. The workflow of the business process is depicted to encourage the discovery of parallel processes to eliminate unnecessary sequences in business processes. Activity diagram emphasizes the flow of control among objects and models the functions of a system [Angulo et al. 2004 ]. For our Retail Stock management the seven classes of activity are Customer, Product, Supplier, Manufacturer, Retailer, Accounts and Order Clerk. The process begins at the start circle at the top with Retailer and ends at the concentric white/black stop circles at the bottom. The activities are rectangles shown in Fig. 5 . Class diagrams are static model views. Each vertical dotted line is a lifeline, representing the time that an object exists. Each arrow is a message call. An arrow goes from the sender to the receiver's lifeline. The activation bar represents the time taken to execute a message. In our diagram, the Retailer order to supplier to initiate the process. If the supplier does not have ordered stock to deliver, either message to Retailer back, so that Retailer can directly order the manufacturer or the supplier can order the manufacturer to execute the order and message to market place.
PETRI NET AND OTHER HIGH LEVEL NET MODELS
Due to complex distributed nature of the supply-chain management network, we propose to model the system to understand how things work, now and in future. Good models depend on data quality, tools and clear thinking. The logical model helps in understanding the process and also lays a strong foundation towards designing the physical infrastructures. Petri Net is often used as a Meta model to study and analyze the complexity among the large number of collaborative devices and processes. The non-definitive nature of the large retail networks is perfectly suitable for modeling such systems using the Generalized Stochastic Petri Nets (GSPN). The GSPN supports a unique combination of graphical as well as mathematical formalism to model a dynamic system. Rich mathematical foundations permit in-depth analysis of work-flow nets [Thomas 2003 ]. The Basic Petri Net Meta model was developed by Carl Adam Petri in the form of a directed bipartite graph on net theory relations between resources or conditions and events to model business processes, distributed communications, manufacturing and various process simulations [Krogstie 2003 ]. The model was further augmented with timing constraints called timed Petri Nets. The timed nets are classified as timed place Petri Nets (TPPN) and timed transition Petri Nets (TTPN) depending on whether the timing bounds annotate places or transitions [Ajmone et al. 1998 ]. Timed Petri Nets are useful for performance evaluation and can be implemented using [Wang 1998 ].
Stochastic Petri Nets
Stochastic Petri Nets (SPNs) are T-Timed Petri Nets where all transition delays are random variables with negative exponential distributions. The dynamic behavior of a SPN can be described through a stochastic process that is a Continuous Time Markov Chain (CTMC), where the wait times for the execution of events are exponentially distributed random variables. The future evolution depends only on the present state, not on the past history modeled by the exponential distribution, defined by its rate. Thus, the average delay through a transition is 1/λ. A Generalized SPN (GSPN) adds both immediate and deterministic transition times. Thus a GSPN with initial markings can be described uniquely by a 6-tuple: GSPN (P, T, I, O, mo, .W) where, (P, T, I, O, m0) is a marked PN. T include both timed and immediate transitions, W is a set of rates / weights and can be expressed as W: T R + firing function in which λ i is the firing rate of the transition t j . m0 is the initial marking. A Stochastic PN defines the possible behaviors of a system via a sequence of transitions [Chaki and Bhattacharya 2006] .
A timed execution can be described as a sequence of events and their occurrence of times. For this example the cycle time of a deterministic event in Fig. 8 represents the distance covered on execution of the timed Petri Net events of Figure 7 . A timed execution can be stated as a sequence of events and their occurrence times. The cycle time of a deterministic event flow considers as µ(P2,T2) = 0.6, µ(P2,T3) = 0.4 and τ as a timing function of distance and can be represented as d=∑τ(t) to denote the occurrence of times of events and for our case let us assume τ(t1) = 2, τ (t2) = 1, τ (t3) = 3. The token marking of Figure 7 is presented in Table 4 and the corresponding value of the steady state distribution of tangible states is presented in Table 3 . Token Probability Density defines that the net is bounded, safe and dead lock free. The multi-tier virtual retail network is designed to procure the products from the supplier or from the manufacturer or from both of them by the retailer to supply the product at the market place. The order of a particular product is generated from the market place. The GSPN model is having places (P0…..P6) and the transitions (T0…T5). Each transition to occur is chance dependent. Fig.  9 shows P1 and P2 as suppliers, P3 and P4 are manufacturers. The supplier to manufacturer chance ratio is assumed to be 30:70 of grabbing an order. On completion of procurement, process material will be with the retailer at P5 and will be forwarded to market place at P6 for consumption. In a real life situation, there may be many products and many suppliers associated in the retail network. To study some of the performance characteristic of the net model, the tool PIPE2 [Bonet et al. 2007 ] is used. There will be 1820 tangible states in order to complete an ordering to consumption process with the token status presented in Table 4 .The net is live as it is covered by positive T-Invariants. The P-Invariant equations are indicating the net is covered by positive Pinvariants, therefore the net is bounded.
M(P0)+M(P1)+M(P3)+M(P5)+M(P6) = 15 M(P0)+M(P1)+M(P4)+M(P5)+M(P6) = 13 M(P0)+M(P2)+M(P3)+M(P5)+M(P6) = 14 M(P0)+M(P2)+M(P4)+M(P5)+M(P6) = 12
Reachability analysis is a basic dynamic property of any real-time system. Firing rule changes the token distribution in a net according to the transition rule but the equality problem is still undecided [Haas 2004(b) ]. The Reachable place of a Petri Net is represented by the Reachability graph [Marian et al. 2005] , The nodes of the graph are identified as markings of the Petri Net R(N, M0),where M0 is the initial marking and the arcs are represented by the transitions of N. Each initial marking M0 has an associated reachability set. This set consists of all the markings that can be reached from M0 through the firing of one or more transitions. The Reachability graph with an order at start is presented in Fig. 10 with five states and 6 arcs. Table 5 represents the markings at each transition state along with its Edges. In Table 6 , using the PIPE2 [Bonet et al. 2007 ], broken simulation analysis over 100, 1000, 2000 firings with ten replications in each case and an average of all the three runs is presented to assess the token distribution at different touch points of the GSPN Model. Fig. 11 shows the average uneven token distribution. This unevenness of the model demands further analysis. The physical interpretation of the unevenness is indicating the inventory piling up at different points for which there is no mechanism suggested in the model presented in Figure 9 . 
Simulated Distribution

Revised GSPN Model for Retail Network
The piling up of stock is a serious problem in a Supply Chain environment and is referred as the Bullwhip effect [Wang et al. 2006] . In a distributed environment, pilling up of inventory reduces the financial efficiency of the chain partners due to material block. In order to remove the inefficiency of the proposed model both from the view point of stock and finance, a demand driven GSPN model is presented in Fig. 12 . The revised model introduces the concept of an inhibitor arc in the model for demand based monitoring of the order processing system. The list of places and transitions are tabulated in Table  7 . The multi tier retail network is designed in such a way that the products from the supplier or from the manufacturer will only be moved to the retailer stock when there is a firm order from the market place. The order of a particular product is based on consumption which otherwise indicates the demand. The GSPN model is with places (P0…..P10) and transitions (T0…T12). Interestingly, there is no token at any of the places (P0....P10) at start. All the transitions in the net are time bound except T8, which is considered to be immediate. The inhibitor arcs (P1…P4) are used to control the excess production. For our case, the modeling is done with four arbitrary products. Two of the products are ordered from supplier and two are from manufacturer. In a real life situation there will be many products. The suppliers will procure the product from the manufacturers and the complexity of GSPN model largely depends on the time transitions and market demands. Table 8 is pre-incidence matrix indicating the Initial state. Table 9 is post-incidence and Table 10 represents the combined incidence matrix. At start the initial marking Mo at each location P0 to P10 and the corresponding transitions of the net is not covered by positive T-Invariants. Therefore it is not known if it is bounded and live. The net is not covered by positive P-Invariants. Table 9 . Post incidence Matrix D
Transition Marking Edge From Edges To
M0 1000000 M4(T5) M1(T2), M2(T0
Revised GSPN Incidences and Markings
+
The pre-incidence matrix is computed using the expression P x T → N, the arcs are directed from places to transitions. The expression T x P → N is used to compute the post incidence matrix. T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 Loc T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 Loc T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T0   M1   M2   T4   M3   T8   T8   M4   M5   M6   M7   M8   M0   T4   T0   M1   M2   M3   T8   M0   M0  M1  M3   T0  T1  T2  T3   M4  M5  M6  M7   M8   T4  T5  T6  T7   M9   T8   M2 The marking at each place of the reachability graph of Figure 13 is presented in Table 11 . The Reachability is a dynamic property of the net. e.g., let us compile the model with one product P0 having one token at P5, two tokens at P8, one token at P9 and P10 respectively. The reachability graphs for one and two products are presented in Fig. 14(a) and 14(b) respectively. The reachability graph will become complicated with two products and the number of states will be 12.
With three products the number of states will become 31 and for four products the number of states will become 79 and so on. 
Reachability Analysis11
Let us now study some of the properties and behavior of the model based on the Reachability Graph presented in Figure 13 [Hass 2004(b)]. Safeness: Any place of a Reachability graph is declared safe, if the number of tokens at that place is either 0 or 1. In our case the property holds and thus the net as a whole can be declared safe.
Boundedness: The boundedness is a generalized property of safeness. However, the net is not covered by positive T-Invariants and positive P-Invariants. Therefore, we do not know whether it is bounded. Conservativeness: Conservation property checks that the number of tokens remains constant before and after the execution. The process is to count the sum of all tokens at their initial markings. Next, the Reachability tree is traversed and the sum of all tokens is calculated for each marking in the tree. In our case it is 1. If all the markings in the Reachability tree have the same sum of tokens, then the Petri Net is declared to be strictly conservative. So our revised model is strictly conservative.
The liveness property of a Petri Net is used to show continuous operation of the net model. In our case the net is conditionally live but there is no possibility of occurrences of deadlock.
Simulation and Analysis
Simulation is the pre manipulation of a model to operate on time or space to perceive the interactions that might otherwise occur at a particular instant or space caused damage in terms of money, material, time and confidence. The level of understanding of the system may be developed via this discipline, is seldom achievable through any other discipline. A model is developed, simulates and learns Simulation run use the PIPE2 broken simulation tool over 100, 1000, 2000 and an average of all the three runs are tabulated and executed in Table 13 [Haas 2002(a) ] For simulation purpose, the model considers four products. P0 and P1 are from suppliers, P2 and P3 are from manufactures. It is assumed that all the products are freely available. Fig.15 depicts the token distribution of the average simulated data S(AV) of Table 13 for four products (P0…P3). Procurement initiations may start concurrently at all the four locations. P8 is the retailer's stock point with some buffer stock and P10 is the point of consumption.
According to market demand the probability of the products are defined. The chart indicates a uniform demand and uniform ordering type without any dead lock at the respective touch points. Product P0, P1, P2, P3 can be supplied in parallel to the system, subject to activation of T11, T12, T10 and T9 transition states respectively. To start with the simulation process, we use a buffer stock with the suppliers and manufacturers at P4 = 1, P5 = 2, P6 = 3 and P7 = 4 units, with the retailer P8 = 10 units at the market place P9 = 4 units. However, on consumption of any of the product at P10 = 1 by the consumer the reordering cycle automatically initiates.
In real life situations, the model may deploy product wise inventory buffers and probability distribution functions to supply the material to the retailer and to the market place. In a distributed environment, there should be factors like lead time to deliver, reordering level and the economic order of quantity (EOQ). Once all these factors are considered the model can be used efficiently in a distributed setup as a virtual multi-tier retail network. With this model retailers can take advantage of transaction management and purchase order management, as well as accurate, realtime inventory management and the ability to track all inventory movements. 
CONCLUSIONS
While modeling the Retail Chain, exact forecast over the synchronized demand of inventory, effective control on the operational tool and exception handling is a critical requirement. Our model is capable of handling demand driven real time activities like controlled data transfer with the deployment of inhibitors with a view to counterfeit the Bullwhip effect among the SCM partners. There should be comprehensive administrative control over various IT operations necessary to manage the retail chain in the vein of security configuration; price change etc. such components can be augmented for the sake of operational soundness of the model. Initially a multi tier retail network in section 5 was proposed but after a set of simulation run, there was ample scope of inventory piling causing Bullwhip effect. The GSPN model is further improvised and proposed a demand driven procurement strategy with uncertainties to avoid the Bullwhip effect with improved efficiency among the manufacturers, supplier, distributors and retailers. There can be a finer representation of the buying/selling process by adding more operational details in the simulation process. Introduction of color net will help in identifying the items explicitly and the complexity of the process will be reduced further. The proposed virtual multi-tier retail network is collaborative, data intensive and distributed. So there should be some large repositories to support real time demand analysis, market forecast and strategic decision making. We like to explore this area by deploying a virtual data warehouse at the respective locations of the Supply Chain players and redesign the framework ] to enable retailers to execute precision merchandising with comprehensive clustering, space planning, assortment management capabilities and prompt decision making.
